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1. Introduction
At the previous meetings, high-level scope of UE demodulation requirements were agreed [1, 2]. In this contribution, we provide our views on PDSCH demodulation requirements.
2. Discussion
NZP CSI-RS and ZP CSI-RS
For the FR1, 2-, 4- and 8-port codebook is a mandatory feature without capability signalling. In this sense, it is natural that 2-, 4- and 8- port CSI-RS is included in performance test. In FR1, TDD bands are located in relatively higher frequency band and more likely to be operated with larger number of ports. In this sense, we propose to have 2-, 4- and 8-ports CSI-RS test for FDD and 4- and 8-port CSI-RS for TDD. For FR2, we think 2-ports CSI-RS is typical antenna configuration and should be included in the performance test.
Here, for an initial NR deployment, operators would deploy with limited number of Tx ports due to restrictions such as time and cost. However, in the later stage, the number of Tx port could be increased for enhanced system performance. In order to enable the NW enhancement, Rel. 15 UE should capable of catering not only for the signals/channels for initial Rel. 15 operation but also for those of future operation. Figure below shows an example of CSI-RS enhancement, where the number of port is increased from 8 to 12. In order to allow future enhancement, Rel. 15 UE should be able to receive 12-port CSI-RS. As another example, the Rel. 15 should be able to rate match around 12-port CSI-RS, i.e., ZP CSI-RS that fits 12-port CSI-RS resource element mapping.  
[image: ]
Figure 1: Necessity of large antenna port support in Rel. 15 for future enhancement

Proposal 1: For FR1, support test case(s) with 2/4/8-port CSI-RS for FDD and 4/8-port CSI-RS for TDD.
Proposal 2: For FR2, support test case(s) with 2-port CSI-RS.
Proposal 3: Support at least one of the followings considering future NW enhancement.
· Option 1: Support test case(s) with larger number of CSI-RS antenna ports (e.g., up to 12 and 4 for FR1 and FR2, respectively).
· Option 2: Support test case(s) with ZP CSI-RS (FFS: detailed parameters for ZP CSI-RS)
Number of Tx/Rx antennas
Followings are agreed values for the number of Tx/Rx antennas for FR1 performance alignment [1].
Number of Tx/Rx (For initial alignment simulation purpose)
· FR1: 
· 1 layer test: 2Tx2Rx, 2Tx4Rx
· 2 layer test: 2Tx2Rx, 2Tx4Rx
· 4 layer test: 4Tx4Rx, 8Tx4Rx
· 3 layer test: 4Tx4Rx

In the current agreement, 4Tx and 8Tx are included only in the higher layer simulation. For the performance test, it is better to have 4Tx and 8Tx antenna configurations for low layer configurations such as 1 layer.
Proposal 4: For FR1 1-layer performance test, include 4Tx-2Rx/4Rx and 8Tx-2Rx/4Rx.
For typical use cases, each CSI-RS antenna port is mapped to each Tx antennas (one-to-one mapping). In this sense, it is natural that we specify the test cases, in which the number of Tx antennas is same as that of CSI-RS antenna ports.  On the other hand, it is also important to keep the number of Tx ports as small as possible, since performance test with larger Tx ports requires a number of testers and increases test workload. In practice, for LTE, performance test with 4-port CSI-RS is conducted using 2-Tx port. Same principle can be applied for test for NR.
Observation: Consider to apply smaller number for Tx antennas than the number of CSI-RS ports in the test parameters, e.g., performance test with 4-port CSI-RS is conducted with 2-Tx antenna configuration. 


Channel BW and subcarrier spacing
Followings are agreed values for the combination of CBW and SCS [1].
· 15 kHz + 10 MHz for FR1 FDD (default configuration)
· Additional test case(s) for FR1 FDD with 30 kHz + 20 MHz
· Other combinations can be considered based on operators’ request 
· FR1 TDD: 30 kHz + 40 MHz (default configuration)
· Additional test case(s) for FR1 TDD:
· 30 kHz + 20 MHz, 
· FFS for 30 kHz + 100 MHz 
· Other combinations can be considered based on operators’ request
·  FR2: 120 kHz + 100 MHz (Default configuration)
· Additional test cases for FR2:
· 120 kHz + 50 MHz
· 120 kHz + 200 MHz
· 60 kHz + 50 MHz 
· Other combinations can be considered based on operators’ request

In general, it is preferred that all available combinations are covered by the test cases. However, considering the number of possible combinations (more than 30), it is feasible to down select the combinations that are more likely to be used. Table I shows our proposed combinations for PDSCH performance test. For instance, SCS of 15kHz can assume an operation of LTE re-farming and select smaller CBW such as 10-20 MHz. In addition, larger CBW is selected for SCS of 30 kHz assuming operation using n77-79. For SCS of 120kHz, it is less likely that very large CBW is used considering reduced flexibility of frequency utilization. 
For the demodulation test, PDSCH frequency resource allocation should not be always same as CBW, since it is necessary to guarantee performance for partial band resource allocation using wideband channel estimation. In this sense, we propose to have performance test with partial band PDSCH in frequency domain, in which requirement is designed with wideband channel estimation.
Table I: CBW and SCS for PDSCH demodulation test
	CBW (MHz)
	FR1
	FR2

	
	15 kHz
	30 kHz
	60 kHz
	60 kHz
	120 kHz

	5
	
	
	N/A
	N/A
	N/A

	10
	
	
	
	N/A
	N/A

	15
	
	
	
	N/A
	N/A

	20
	
	
	
	N/A
	N/A

	25
	
	
	
	N/A
	N/A

	30
	
	
	
	N/A
	N/A

	40
	
	
	
	N/A
	N/A

	50
	
	
	
	
	

	60
	N/A
	
	
	N/A
	N/A

	80
	N/A
	
	
	N/A
	N/A

	100
	N/A
	
	
	
	

	200
	N/A
	N/A
	N/A
	
	

	400
	N/A
	N/A
	N/A
	N/A
	



Proposal 5: Support CBW and SCS in Table I for PDSCH performance test.
Proposal 6: Support performance test with partial band resource allocation. 
Performance metric
[bookmark: _GoBack]For FR1, it was agreed to use 70% throughput for test point. This test point is efficient to test general PDSCH demodulation performance but not enough to guarantee HARQ at the UE. More specifically, UE should perform proper HARQ for cell-edge with low throughput case that can be guaranteed by 30% throughput. In addition, the test should check soft combining with larger number of data bits with large MCS and rank. Details for this discussion is given in our companion contribution [3]. 
Proposal 7: Support test case for throughput vs SNR with test point of 30% for the following cases.
· Low rank and low MCS
· High rank and high MCS
3. Conclusion
In this contribution, we discuss general assumptions for PDSCH demodulation requirement. Following observations and proposals are derived based on the discussion.
Proposal 1: For FR1, support test case(s) with 2/4/8-port CSI-RS for FDD and 4/8-port CSI-RS for TDD.
Proposal 2: For FR2, support test case(s) with 2-port CSI-RS.
Proposal 3: Support at least one of the followings considering future NW enhancement.
· Option 1: Support test case(s) with larger number of CSI-RS antenna ports (e.g., up to 12 and 4 for FR1 and FR2, respectively).
· Option 2: Support test case(s) with ZP CSI-RS (FFS: detailed parameters for ZP CSI-RS)
Proposal 4: For FR1 1-layer performance test, include 4Tx-2Rx/4Rx and 8Tx-2Rx/4Rx.
Observation: Consider to apply smaller number for Tx antennas than the number of CSI-RS ports in the test parameters, e.g., performance test with 4-port CSI-RS is conducted with 2-Tx antenna configuration. 
Proposal 5: Support CBW and SCS in Table I for PDSCH performance test.
Proposal 6: Support performance test with partial band resource allocation. 
Proposal 7: Support test case for throughput vs SNR with test point of 30% for the following cases.
· Low rank and low MCS
· High rank and high MCS
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